Battery Life Indication 
Field of the Invention 

The present invention relates to the indication of extant battery life. 

5 

Background to the Invention 

Mobile telephones are an example of a battery-powered device familiar to most 
people. The extant battery life of batteiy-power devices, including mobile 
telephones, is of considerable importance to their users. Consequently, the 
10 provision of extant batteiy^Hfe iridicatd^ mobile telephones is universal. 

One method of determining the extant battery Ufe of an apparatus, such as a mobile 
telephone, is to measure the battery voltage and then read an extant battery Ufe 
value from a pre-programmed lookup table. This has the advantage of being 
15 relatively simple to implement but suffers from a lack of accuracy. 

This problem is addressed in GB-A-23 12517 which describes taking three voltage 
readings, fitting a discharge curve to the readings and then determining the extant 
battery Ufe from the curve fitted to the readings. This approach is more accurate 
20 than the earher lookup table technique. 

However, the technical considerations for battery-powered apparatus include 
meeting users' expectations for the man-machine interface beyond merely providing 
information accurately.^ A problem therefore arises with the approach to extant 
25 battery life determination described in GB-A-23 12517 in that the result is not 

available for several minutes after the first voltage reading is taken. This has been 
found to be unsatisfactory with users and the delay can be interpreted by users as 
indicating a "flat" battery. 

30 The technique of GB-A-23 125 17 also may not respond quickly enough if the 

current drain on a battery is high, e.g. when a mobile telephone is in active mode. 



Summary 




-2- 



It is an object of the present invention to solve or at least ameliorate the 
aforementioned problems. It will be appreciated that the present invention is 
applicable in cases where slow extant battery Ufe determining techniques other than 
that disclosed in GB-A-2312517 are used. 

Accordir^ to the present invention, there is provided a method of indicating extant batteiy 
life, the method comprising the steps of: - 

(a) initial^ determining a first extant batteiy life value having a first confidence 

level; 

(b) generating a perceivable indication of said first battery life value; 

(c) determining a second extant battery life value having a second confidence 
level; and 

(d) generatit^ a perceivable indication of said second battery life value after 
generating the perceivable indication of said first batteiy life value, 

wherein the second confidence level is higher than said first confidence level and 
said determination of said first extant batteiy life value is completed before said 
determination of said second extant battery life value is completed. 

According to the present invention, there is also provided a method of indicating extant 
batteiy life for a battery powered apparatus, the method comprising the steps of: - 

(a) determining a first extant battery life value havii^ a first confidence level 
during operation of an apparatus in a first mode; * 

(b) generating a perceivable indication of said first battery life value; 

(e) determining a second extant batteiy life value having a second confidence 
level durii^ operation of an apparatus in a second mode; and 

(d) generatii^ a perceivable indication of said second batteiy life value after 
generatii^ the perceivable indication of said first batteiy life value, 

wherein the second confidence level is higher than said first confidence level and 
said first mode places a greater current demand on the batteiy than the second mode. 



According to the present invention, there is further provided a battery-powered apparatus 
including a battery, voltage sensor configured to sense the output voltage of the batteiy, an 
indicator and a processor for controlling the indicator to indicate the extant life of the 



batteiy in dependence on die output of the volt^e sensor, wherein the processor is 
configured to: - 

(a) initia% determine a first extant batteiy life value having a first confidence 
level on the basis of the output of the voltage sensor; 

(b) control the indicator to indicate said first battery life value; 

(c) determine a second extant battery life value having a second confidence 
level, higher than the first confidence level, on the basis of the output of the sensory and 

(d) control the indicator to indicate said second battery life value after 
indication of said first batteiy life value, and 

said determination of said first extant battery life value is completed before said — 

determination of said second extant batteiy life value is completed. 

According to the present invention, there is still further provided a battery-powered 
apparatus including terminals for connections to a battery, voltage sensor configured to 
sense the output voltage of a batteiy connected to said terminals, an indicator and a 
processor for controlling the indicator to indicate the extant life of a battery, cormected to 
said terminals, in dependence on the output of the voltage sensor, wherein the processor is 
configured to: - 

(a) determine a first extant battery life value havir^ a first confidence level on 
the basis of the output of the voltage sensor when the apparatus is operating in a first 
mode; 

(b) control the indicator to indicate said first battery life value; 

(c) determine a second extant battery life value having a second confidence 
level, higher than the first confidence level, on the basis of the output of the sensor when 
the apparatus is operating in a second mode; and 

(d) control the indicator to indicate said second battery life value after 
indication of said first batteiy life value, and 

said second mode is characterised by a higher current demand being placed on the battery 
powering the apparatus than that placed on the battery by said first mode. 

Thus, the user of an apparatus in which the present invention is embodied is presented 
with a extant battery life indication, having some validity, instantaneous^ when the 
apparatus is switched on or otherwise activated. 



The processor of an apparatus accx)rding to the present invention will generally be 
cx>nstnictecl or programmed as necessary to provide the preferred and optional features set 
out below. The term "processor" includes, but not exclusively so, the combination of a 
cpu (central processing imit) and a memoiy storing program data for controlling the 
operation of the cpu. 

Preferably, the manner of indicating the second battery life value is different from the 
marmer of indicating the first battery life value so that the user is made aware of the 
confidence that can be placed in the displayed extant battery life and when the more 
accurate value has been determined. 



Conveniently, the first and second battery life values are indicated visually, e.g. by a display 
device under the control of a processor. However, the indication could be made audibly, 
for instance in apparatus for blind or partially sighted users. 

Preferably, the first extant battery life value is determined on an averse, e.g. the mean, of a 
phirality of battery voltage readings. The first extant battery life value may be read fi-om a 
lookup table in dependence on said average. 

The second extant battery life value is determined on the basis of a plurality of time-spaced 
battery voltage readings, the first, and preferably the second, of whichlmay be used for 
producing the first extant battery life value. Preferably, the period between the first and 
last of said time-spaced readings is in the range 15 seconds to 10 minutes; more preferably 
about 30 seconds. 

Preferabfy, said second extant battery life value is calculated on the basis of three voltage 
readings according to the formula: 

In or 

where: 
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a = e 



<D = K- 



" 2V,-V,-V, 

where Vq, Vj and Vj are the initial, middle and last voltage readings, At is the time between 
the initial and middle voltage readings and between the middle and last voltage readings 
and Yr minimxim acceptable battery voltage. 

The present invention may be usefully embodied in a mobile telephone, a portable CD 
player, a personal digital assistant or the like. 

Brief Description of the Drawings 

Figure 1 is a block diagram of a mobile telephone according to the present invention; 
Figure 2 is a flowchart illustrating the initialisation of the mobile telephone of Figure 1; 
Figure 3 is a flowchart illustrating an extant battery life determinir^ routine of the mobile 
telephone of Figure 1; 

Figure 4 shows a first display style of a first example of a marmer of extant battery life 
indication accordir^ to the present invention; 

Figure 5 shows a second display style of a first example of a manner of extant battery life 
indication according to the present invention; 

Figure 6 shows a first display styie of a second example of a manner of extant battery life 
indication according to the present invention; and 

Figure 7 shows a second display style of a second example of a marmer of extant battery 
life indication according to the present invention. 



Detailed Description of the Preferred Embodiments 

Embodiments of the present invention will now be described, by way of example, with 
reference to the accomparrjong drawings. 
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E^ferring to Figure 1, a mobile telephone comprises an antenna 1, an rf subsystem 2, a 
baseband DSP (digital signal processing) subsystem 3, an analogue audio subsystem 4, a 
loudspeaker 5, a microphone 6, a controller 7, a liquid crystal display 8, a keypad 9, memory 
10, a battery 11 and a power supply circuit 12. 

The rf subsystem 2 contains if and rf circuits of the mobile telephone's transmitter and 
receiver and a frequency synthesiser for tunir^ the mobile telephone's transmitter and 
receiver. The anterma 1 is coupled to the rf subsystem 2 for the reception and transmission 
of radio waves. 

The baseband DSP subsystem 3 is coupled to the rf subsystem 2 to receive baseband 
signals therefrom and for sending baseband modulation signals thereto. The baseband 
DSP subsystems 3 includes codec functions which are well-known in the art. 

The analogue audio subsystem 4 is coupled to the baseband DSP subsystem 3 and receives 
demodulated audio therefrom. The analogue audio subsystem 4 amplifies the demodulated 
audio and applies it to the loudspeaker 5. Acoustic signals, detected by the microphone 6, 
are pre-amplified by the analogue audio subsystem 4 and sent to the baseband DSP 
subsystem 4 for coding. 

The controller 7 controls the operation of the mobile telephone. It is coupled to the rf 
subsystem 2 for supp^dng tuning instructions to the frequency synthesiser and to the 
baseband DSP subsystem for supplying control data and management data for 
transmission. The controller 7 operates according to a program stored in the memory 10. 
The memory 10 is shown separately^ from the controller 7. However, it may be integrated 
with the controller 7. A timer for triggering interrupts is also provided by the controDer 7. 

The display device 8 is connected to the controller 7 for receiving control data and the 
keypad 9 is cormected to the controller 7 for supplying user input data signals thereto. 

The battery 11 is cormected to the power supply circuit 12 which provides regulated power 
at the various voltages used by the components of the mobile telephone. The positive 
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terminal of the batteiy 11 is connected to an analogue-to-dighal converter (ADQ input of 
the controller 7. 

The operation of the mobile telephone, insofar as it relates to the present invention, will 
now be described. 

Referring to Figure 2, when the mobile telephone is switched on, the controller 7 performs 
various initialisation routines (step SI) as is common in the art. Following the conventional 
initialisation routines, the controller 7 takes a voltage reading from the ADC and stores it in 
"the third element of a three-element arr^ Vq, V^, Vj, multiplies it by eight and^stores the" 
result in a ** average" voltage memory location V^ve (step S2). 

The value in the "average" voltage memory location V^^ve ^ (step S3) to obtain an 
extant battery life value from a lookup table stored in the memory 10. The controller 7 
then controls the display device 8 to display the extant battery life value obtained from the 
lookup table (step S4). 

After the extant battery life value has been displayed (step S4), the controller 7 sets a flag F 
to false (steps S5) and sets the timer (step 86) so that it will trigger an interrupt after 15 
seconds. The mobile telephone will now operate substantially^ normalfy tmtil the timer 
triggers an interrupt. 

Referring to Figure 3, when the controller 7 enters the interrupt routine on the timer timing 
out, it assigns the contents of the second array element V, to the first array element Vq, and 
the contents of the third array element to the second array element (step Sll). Then, 
the controller 7 reads the ADC and assigns its output, i.e. a new battery voltage sample, to 
the newty^ vacated element third element Vj of the array (step S12). 

After reading the ADC, the controller 7 determines whether the mobile telephone is in idle 
mode (step SI 3). If the mobile telephone is in idle mode, the controller 7 resets the timer 
so that it will time out after 15s (step S14). The controller 7 then deteimines whether the 
flag F is set to true (step S15). If not, the controller 7 sets the flag F to true (step S16), 
multiplies the contents of the "average" voltage memory location V^ve by 7/8 and adds the 




new reading, stored in the third element of the array, (step SIT), obtains an extant 
battery life valxie from the lookup table using the mean V^ve (step S18) and displays the 
extant battery life value obtained using the displsy device 8 and the first stjde (step S19). 
The controller 7 then exits the routine. 

If the flag F is true at step S15, the controller 7 calculates an extant battery Kfe value using 
the last three voltage readings, which are stored in the elements Vq, Vi, Vj of the array (step 
S20) and causes the display device 8 to display the calculated value using a second style 
(step S21). The controller 7 then exits the routine. 

If the mobile telephone is in active mode at step S13, the controller 7 resets the timer to 
time out after Is (step S22) and sets the flag F to false (step S23) before moving on to step 
S17. 

The calculations performed at step S20 are defined by: - 



Ina 
where: 

t is the extant battery life value, 



0 2V,-V,-V, 



where Vq, and Vj are the initial, middle and last volt^e readings, At is period of the 
timer triggerir^ the interrupt and Vt is the minimum acceptable battery voltage. 



Regarding the display steps S19 and S21, the controller 7 need take no action if the display 
device 8 is already displaying the correct value which will often be the case where the extant 
battery life displ^ has a low resolution, as shown in Figures 4 and 5. 




Thus, the mobile telephone initial^ takes a voltage reading, multiplies it by eight or left- 
shifts it three-times to produce a pseudo average value, and uses the pseudo average to 
determine extant battery life using the low confidence level lookup table technique. This 
means that a meaningful display of extant battery life can be presented quickly. If the 
mobile telephone remains in idle mode, the extant batteiy life value is determined one more 
time using the lookup table technique but thereafter the mobile telephone has stiffident 
data to calculate an extant battery life value with a higher confidence level. In active mode, 
which produces a larger current demand on the battery, the lookup table technique is again 
employed. However, the voltage is read every second and the pseudo averse is obtained 
by takii^ 7/8 of the existing value and adding the new reading. " ■ '^""^ " 

When switching fi-om active mode to idle mode, the mobile telephone will again use the 
lookup table for determinir^ the first extant battery life value required after entering idle 
mode. 

In the foregoing description, the operation of the mobile telephone in two modes, an active 
mode, i.e. in a call, and an idle mode, Le. not in a call, has be described. However, these 
modes may be subdivided and additional combinations of battery voltage reading intervals 
and extant battery life determination techniques used. 

The optimal battery voltage reading intervals will differ for different batteries and current 
demands and will need to be determined empirically. 

In the foregoing description, reference has been made to displaying the extant battery life 
using first and second styles. Exemplaiy preferred styles will now be described. 

Referring to Figure 4, the extant battery level indication produced at step S17 in a first 
example is shown in the right-hand side of the display device 8. The indicator comprises 
four sections 21, 22, 23, 24 of increasing width, one above another. The extant battery life 
is indicated by darkening sections 21, 22, 23 up to a level correspondir^ to the extant 
battery life, determined at step SI 8, and causing the section or sections 24 above to flash. 



Referring to Figure 5, the corresponding second st)4e comprises darkening sections 21, 22, 
23 up to a level correspondii^ to the more accurately determined extant battery life, 
determined at step S20, and catising the section or sections 24 above to be invisible. 

Referrii^ to Figure 6, the extant batteiy level indication produced at step S17 in a first 
example is shown in the right-hand side of the display device 8. The indicator comprises 
four sections 21, 22, 23, 24 of increasing width, one above another, each of which is 
divided into five subsecrions. The extant battery life is indicated by daikenii^ all the 
subsections of the sections 21, 22, 23 up to a level corresponding to the extant battery life, 
determined at step SI 8, and causing all of the subsections of the section or sections 24 
above to flash. 

Referring to Figure 7, the corresponding second style comprises darkening the subsections 
of sections 21, 22, 23 up to the subsection corresponding to the more accurately 
determined extant battery life, determined at step S20, and causing subsections above to be 
invisible. In the present example, onfy the three lower subsections of the third section 23 
are darkened. Thus, the second style provides greater precision as well as greater accuracy. 

It will be appreciated that many other contrasting styles could be used, for instance 
different colors could be employed or the flashing sections coiJd be replaced with empty, 
rather than filled, boxes. 

It will be appreciated that the foregoing are merely preferred examples and that many 
modifications may be made to the embodiments described herein departing from the spirit 
and the scope of the claims appended hereto. 



